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FORMULAS FOR THE STRESS ANALYSIS OF GIRCULAR'RINGS
IN A pUONOCOQUE FUSELAGE

By Roy A. HMiller and Karl D. Wood

SUMMHARY

The formulas given in this report provide a simpli-
fied method for the streess snelysis of fuselage bulkheads
that are spproximately circular rings of unlform cross
section, Complicated load systems actlng on a ring can _
usually be resolved into simplified load systems; and for-
mulas for moment, axial force, and shear for such simpli-
fied load systems are glven in this report. Illustrative

examples showing the use of this method in practical stréss-

analysie work are also included,
INTRODUGCTION

liany airplanes have fuselages .of approximately circu-
lar cross section which are built around éircular metal
bulkhead rings connected by longiltudinal metal stringers
and covered with a thin sheet-metal skin., A typical air-
plane of this sort is the Flesetster shown in figure 1l.
The locations of the main bulkhead rings in the "Fleetster"
are shown in figure 1. A sketch of bulkhead ring To. Z
is shown in figure 2; the centroldal axls of the ring is
seen to Dbe approximately circular, and the cross s8t¢tion
of the ring is uniform for most of its circumference., Un-
der the wvarious éonditlons of £flight and landing, this
bulkhead ring is acted on by forces epplled at six differ-~
ent points on the circurnference 6f the ring, and sonetimes

‘aleo by dlstributqd tangential forces applied through the

skin of the fuselage. TFigure 2 shows a typical Toading

of bulkhead ring No. 2. The most practical solution for
the stresses in the ring due to a complicated loading sys-
tem of this sort is probably obtained by redolving the com-
plicated loading system into a series of simpler loadlng
systems for which the genersl formulas can be derived. A
typical case of such a resolution of forces 1ls shown in
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2 ¥.A.0.A, Technical Note No. 462

figure 3 where the loading system of figure 2 18 resolved
into three simplified loading conditlons.

The object of thisg report is to summarize the formu-
las derived for the simplified loading conditions used in
the stress analysis of the "Pleetstor and %o show how thoy
may be used in practical stress-analysis work by calculat-
ing the stresses in one of the main rings of the "Fleetster"
alrplane.

Several simplified loading conditions are included-in
this report in addition to those originally solved by Roy
A, Miller (reference 1), and deflection formulas are glvon
for several cases, The dorivation of the squations has
boon omitted from the prosont report bocause the eguatlons
may be derived by any of sevoral methoda, all of which ares
standsard and -are given in toxt books and in various papers
on the stresses in staticslly indoterminato framos, Tho
authors in the dorivation of the ocguations prosoanted in
this report usod tho so-called "method of least work,"
(See references 1, 2, and 3,)

FORMUﬁAS FOR SIMPLIFIED LOADING CONDITIONS

HBach of the eleven asimplified loadlng conditions is
designated by a case number. Oases No. I to VI inclusive
are identical with the cases of the same number appearing
in reference 1. Figure 4 is a free body skefch of a por-
tion of the ring showing the meaning of positlive elgns for
moment M, axial force P, and shean S adopted in ref-
erence 1 and coatianuned here. Note that the positlve mo-
ment is compreesion on the inside of the ring, positive
axial forags is tension, &nd positlve shear 1s as shown 1n
figure 4, If figure 4 is viewed from the laft elde of the
prage, the ring may be considered analogoug to & beam in
which the distance x to any point is mogsured from the
right end.of the beam, so that § = =~ dM/dx., This rela-
tionship between shear and moment will bo observed to ox-—
18t for all the equations tabulated in this roport.:

Tables I and II give formulas for M, P, and 8 for
casos I to IV, These formulas are identical with those
given in reference 1 except for the simplification of no-
tation shown at the bottom of the tables. Tables III and
IV give formulas Tfor cases V- to XI in the same manner,
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There are really only four essentially different cases
considered, namely: I, VI, VIII, and 1X, The other cases
may be derived from these four cases by substituting spe~
cial values for the general angles B and &,

Tabies .V gives formulas for deflection of the horizon-
tal and vertical diameters for rings loaded as in cases I
to VII inclusive; positive deflectlons indicating oxten-
gion of diasmetere and negetive deflections indicating
contractions of dlametors &8 noted at the bottom of Kable
V. The tabulated formulas for deflection of diametors are
of use in connoction with the problem of a ring reinforced
by a brace across a dlameter, and for the genersal purposs
of detormining whoether the deflectlons will appear exces-
slve to the occupants of the airplane. TFormulas for de-
flection of any point on the ring relative to some refer-
ence polnt would also be of use but cannot conveniently
be tabulated because of their complexity, Such formulas
arc readily obtainadble for each loading case, however, by
use of the given moment equations and the genoral intagral
oquations givon in refexrence d

LIMITATION OF THE FORMULAS FOR STRESS AND DEFLECTION

The essumptions involved in the formulas here present-
ed include the usual assumptions for the elastlc action of
straight beams. An itemized statement of the major assump-
tions follows: . _ ' T

8) That cross sections.of the ring which are plane
before bending remain plane after bending; that ﬁhe elas-
tic 1limit of the material is not excedded; that the modu-
lus of elasticity is the same in compression as in ten-
slon; and that bending the besam does not appreciably
charige the shape of its cross section, -

b) That the inside and outside radii of the ring
are approximately equal to the radius of the centroid of
the cross section of the ring.:

¢) That the cross sectlon of the beam is uniform
and the centroidal axis circular.

Aésumptions a) are probabvly true within the limits
of exzperimental moasurcment for loads that do nét produce
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permanent deformation of the ring.

Assumption b) involves negligible error in the deri-
vation of the moment eguations (see refersnce 4) but does
involve appreciable error in the calculation of bending
stress from the moment sgunations. The error is due to the
fact that the bending-stress formula f = My/I is not ex-
actly true for bars initially curved, the siress on the 1in-
gide of the ring actually being greater, and on the outside
less, than that given by f = My/I. For a ring of .the
proportions ‘shown on figure 2 (ratic of centrnldal radius
to inside radius = 1,07) the calculated bending stress is
about 7 percent in error.

Asgumption ¢) involves more or less error when spplied
to some bulkhsads as, for example, the bulkhead shown in
figure 2, Experience with other bending problems indlcates
that thickening 2 portion of the ring as in figure 2 re-
sults in a greater moment at that point than wounld eoxist
in a uniform ring, and lees moment at other points, Stross-
es calculated at the thick portion will therefore iavolve
errors on the unsafe side, but becsause of the larger sec—~
tion these stresses wilill usually not be the critical sitress-
e8 1in design. It is the opinion of the suthors that the
formulas here tabulated may be safely appllied to rings in
which the variation in cross section is as gzreat as shown
in figure 2 by using R as tre centroidal radius which
applies to most of the ring and using the actual section
at each point for the stress calculations,

APPLICATION OF FORMULAS T0O DESIGN OF A MAIN RING
OF THE "WLEETSTER' AIRPLANE

Two exsuples of the use of the formulas in the de-
sign of a hulkhead ring follow:

Bxample l.~ The stresses in bulkhead.ring No. 3 will
be calculated for an unsymmetrical loadling condition., The
loads acting on the bulkhead ring, as determined from
specifications regarding design loads for low angle of at-~
taeck with 100 percent load on one wing and. 70 percent load
on the other, are shown 1in flgure 5. Resolution of this
loading system into tnree slmplified loadling conditlons
is shown in figure 6.
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Figure 6(a) is case X with = 7,912 1b, and
= 135950!;
Figure 6(b) is case I with 4,392 1lbv.,

n/2, and & = 135950¢;

445 1b.,
TT/Z, and & = m.

Figure 6(c) is case I with

o4 od o
i

o

Points on the ring at which the values of ¥, P, and S

will be found are indicated in figure 5 by A4A; B,B!';

¢,ct'; D,D'; =E,E!'; PF,FP!'; and G, The values of M, P,
and S at these points are the algebraic sum of the sepa-
rate values of M, P, and § =at the corresponding points
for the three simplified loading conditions represented in
figure 6, The esquations for K¥/WR, P/W, and S/W for case
X may be found in table IV. The equations for M/WR, P/W,
and §/% for case I may be found in tables I and II. Know-
ing the values of W and R in each case, the values of M,
P, and S may be found by substituting in the squations the
known quantities: Wy R, ©,%, x, z, and ®, The value of

R %o be used in the equations is that of the rafdius to the
centroid of the cross section, namely, R = 28,7 inches,
For othsr notatione, see Summary of Fotation.

The solution of figure 6(a) follows:

W, = 7,912 pounds

R = 28.7 inches

8 = 135950! = 2,37 radians

s = sin B = sin 135°50!' = 0,697
c = cos 6 = cos 135°50! =-0.717

(sc + 0) = (0.697) (=0.717) 2.37 = 1,87

At the point B: x = 60° = 1,047 radians
‘2 = sin x = sin 60° = 0,866
W = goo8 X = co8 60° = 0.500_

and the egquations for ¥, P, and 8 in the range x = 0
to x = 6, where point B 1lies, are from table IV, case X:
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M xs z -

—— E2 e — et = 8
T z + o = (sc + ©)
P -4, . Z8c _ 28

w i il

W T ™ ™

Substituting numerical values 1n the abo€h_equabions:

1.0472XO.6974_0.866

= — X 1.87]

M 7912%X28.,7 [ ~0.866 +

= - 26,800 lb,~in,

0.866X0.697X0, 717 _ 04866X2.3% = owno 11

P = 7912{0.866+ po p

0.697_+O.5XO.697XO.?17._O.SXB.Sﬁ _

7912[0.5 - pe = ~155 1b,

5 T T

1

152°54!' = 2,669 radians

At the point F: x

sin x = .sin 152°54! 0.456

z

It

W = cos x = 6os 162°54! = ~0,890
The equations for M, P, and § in the range x = 9 %o
=27 - & where point F lies, are from table IV,
case X:

¥ _ xs

5 = - 8 + 7 +,% (sc + ©)
P _ _ zsg _ 28

v T T

S __. &8 _ uwsc _ wd

v T v b

Substituting numerical values in the above squations:

M = 7912X28.7 [~0.697 + #4A8RK0.097 ; 0.236 x 3 57]

= 837,800 1b.<1izn.
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H
I

7912 [+

0.456X0,697X0,717 0,456X2.37 -
'Y ‘-—-..__g.______._._._...ﬂz ]=-2150 1o,

™

s = 7912 [__O.g97__O.890XO.637XO.7174_O.892X2.37}=2445 1D,
The above values fér M, P, and § appear under column {(a)
in teble VI. In & similar manner the values of M, P, and

§ for the other points in figure 6(a) were found, and are
listed in table 7I.

The solution of figure 6(b) follows:

. = 4,392 pounds

R = 28,7 inches

8 =m/2 = 1,57 radlians .

s =.gin 6 = sin m/2 = 1,000

¢ =cos 8 =cos /2 =0 -

(88 + c) = (1 X 1457 + 0) = 1457
® = 135°50!' = 2.37 redians
n = sin ®=sin 135°50' = 0,697

cos® = cos 135°50! = -8,717

(]
il

(nd + e)= (04697 X 2.87 - 0,717) = 0,934
= (1)® =1
n2 = (0.697)% = 0,485 )
2 = n® = (1 - 0.,485) = 0,515
o]

At the point Bx x = 60 = 1,047 radians

gin x = 00866 -

z
W = cosg £ = 0,500

The eqguations for U, P, ard S in the Tange X = 0 *%o
x = 0, where point B 1lies, are from tabké I, case I:
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%% = 4+ 88 ; c . nd ; e 4 # (® « 2®) +n - g
2 = L ws  owun®

Vv i i

s _ z g2 zn®

¥ -t q ™

Substituting numerical values in the above equations:

M = 4392X28,7 [4.;§§1.,Q%§§$*.Q;Q;%;élé + 04697 = 1]

]

~2370 lbe=-in,

0.5X0,4857 _
’ m B

4392 [ + Q:B86XL _ 0.86§§0.485] = 622 1b,

P = 4392 [ Qe2X1 - 359 1b.

8

At the peint F: x = 152954!' = 2,669 radians

0.456

z = gin x
W = cos8 ¥x = -~ 0,880

The equations for K, P, and S in the range x =& to
X =17, where point F now lies, are from table I, case I:

=+80 +¢c_n2+te @ (62 = n®)

M
WR i 1T T n
Po_ | ws® | wn?

L 1 1T

S _ g2 - zn3

w + T T

Substltuting numerical values in the above eguations:

M

4398X28.7 [ + 1%57 —0'335-0'892§°'515] = 7150 1b.-in.
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The above values for M, P, and § appear under column (b)
in table VI. In a similar manner the values of M, P, and
8 for the other points in figure 6(b) were found, and are
listed in tadble VI. '

The solution of figure 6(c) follows:

Wa = 445 pounds

R = 28,7 inches
=m/2 = 1,57

s =s8inf =1

¢ =cosf =290

(s + ¢) = 1,57

@ =1 = 3,14 radiens
n=sg8ind =0

e =cos® = ~1

(nd + o) = ~ 1

)
n
fl

1
n® = 0

(s® - n3)

1
)

At the point B: x = 60 = 1,047 radians
2 = gin x = 0,866
w = cos x = 0,500

The equations for M, P, and S in the range =x = 0O +to
x = 0, where voint B 1lies, are from table I, case I:

Mo + 88+t nd + e
WR ™ m

+‘% (82 = n®) + n - s
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P - . ws? , wn®
w ™ ™
S - 4 zs® _ zn2
v oo 1 ﬂ

Substituting numerical values in the above equations:

il

1.57 , 1, 0.5X1
¥ kL)

445X28.7 [+ e + 0 =« 1] = = 290 1lb,.~in,

P = 445 [~ 203214 0.0X07 = _ 9y 3y,

0.866X1 _ 0.886X0) = 123 11,

5 ™

445 +

Il

At the point F: x = 152°%54t = 2,669 radians
Z = 8in X = 0,456
w = gos x = ~0,880

The equations for M, P, and § in the range x = 0 +to
x = ®, where ¥ now lies, are from table I, case I:

=4 8 tc bt e 4@ (8 = n®) +n - =%
T . ﬂ
2 2

T

=
B |
N £

T
- 82 zn2 ®
+ 52 ==+

Substituting numerical values in the above equations:

M = 445x28,7 [ + 22587 4 1 _0.890XL 4 0 - 0.456] = 1010 1b.-1n.
P = 445 [+ Je830XL_0.B90X0 , o ,456) = 330 1d.

i i

The above values for M, P, and 8§ appear under column (c)
in table VI. In a similar menner the values of M, P, and
S for the other points in figure 6{c) were derived.
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The algebraic sum of the values of moment, axial
force, and shear for the simplified loading conditions
shown in figure 6 are given in the last column of table
Vi. Using these total values, the stresses and margins
of safety in the cross section of the ring at the points
listed may be computed.

Calculations for the stresses at points B and ¥
on bulkhead ring No. 3 are shown in table VII. Items (1)
to (3) in table VII are the values of moment, axial force,
and shear just calculated, Items (4) to (12) inclusive
are the properties of the cross sections. Items (13) and
(14) are the stresses in the inner and outer flange at
points B and F, computed from the formula f = I My/I+
P/A by substituting the values listed in items (1) to
(12). A sample calculation for the stress in the outer
flange at point B follows: -

Il

? =+ My, /I + P/A

=29460 X _2.08 | 2340 B}

3449 1.20

f =4+

f = - 17,150 + 1,950 =+« 15,200 1b./sq.in..

The sign of this stress belng minus, the stress is com~-
pressive in accordance with the notation at the bottom of
table VII. If tte allowable stress is known, the margin
of safety is computed from the usual equation:

allowable stress _
actual stress

Margin of safety =

Item (15) is the shearing stress in the wedb and is calcu-
lated from the formula fg = SQ/bI substituting values
from items (3) to (12). A sample calculation for this
stress at point B follows:

£4 = 8Q/bI

590 X 0,982
0.064 X 3,49

_fg = 2,600 1b./sq.in.

Item (16) is the shearing load on the flange rivets and is
calculated from the formula Pp = sqlp/x substituting
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values from items (3) to (12)., A sampls computation for
this load at point B follows:

Pp = SQLP/I

p. = 590 X 0,852 X_0,8125
¥ Ba49 -

P, = 117 pounds per rivet.

Example 2.- In this example, moments and forces will
‘be found at various points on the circumference of & ring
which is reinforced By a tie rod across its vertical diam~
eter, using the equations for deflection given in table ¥
as a basls for the solution by the method of consistent
deflections.

Pigure 8 is a free body sketch of such a bulkhead
ring acted on by a system of loads determined by the land-
ing load factor for the design. Figure 9 shows the six
frece body sketches into which figure 8 can be resolved,
including a free body sketch of the tie rod acted on by
unknown forces F and a corresponding sketch of the ring
acted on by equal and opposite forces F,., The procedurs
in solving for F 18 as follows:

(1) Compute the deflection dy of the vertical diam-
eter under the action of the forces shown in
Tigure 9(a), (v), (c), end (4).

(2) Compute the deflection of the ring (dyge) and
of the cable (dyfo) under the actlon of a
force F, = 1,000 pounds,

(3) Compute F from the equation:
¥ = 1,000 dy '
B dygo * dyro

(4) Compute the moment, axial force, and shear at
various points on the ring from the equations
of tables I to IV for the five loading cases
shown in figure 9, using the value of F just
obtained, For the ring use: R = 28,9 inches,
E = 10" pounds per square inch, and I = 3,301
in,*; for the cable use A = cross-sectional
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area = 0,0387 square inch, L = effective
length = 50 inches, and E = 20,400,000
pounds per sguare inch.

Proceeding as outlined above, and using the formulas
for deflection of vertical diameter dy, given in table V:

(1) For figure 9(a) dya = WR3| + g (s~cO)+ c-1 + ——]

070%x (28.9)2
X 0,137=0,407 in.
o X3,301 - o1 ¢ in

=

For figure 9(b) dyp = %

)

4

_ 5420%(28.9)% y ,149=0.590 in.

10" X3,301

For figure 9(c) with 0 = 41°45!

we2 [_ sctb _

2 ' T
dye = F7 ) (s8+c)+ s + 4]

_ 2200x(28.9)2
107 x3.,301

X 0,0642=0,087 in,

For figure 9(d) with © = w/2, & = 136°15%', and

_ §g® _"sc+9  ne+d _ 2
dya = 3% + === - 2 (s0+c) +
+

L

2 -

2 .
s + & (n®+e) n]

3
=2670X(28.9)7 y ,049%= -0.,096 in.
1d x38,.301

Total deflection, figures 9(a) %o 9(d) = 0,988 in,

7R3 4 _F .
(2) For F,=1,000 1lbe dyeo = EE‘W_% - ﬁ]'with v = gﬂ Y

3 ’
=~ 800X(28.9)° v, 298=0,109 in.

10 X3,301
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(3)

(4)

M,

P,

S,

8,0

N.A.C,A. Technical Note No. 462

"For P, = 1,000 1b., from the definition of ¥ = LlA

d/L
dyfo = IL o ead000 X BO T = 0,063-1in,
AR 0 0387X20,4X10
dy 0,988

For TF = 1,000X X1,000=5,740 1b,

Referring to figure 8, it may be seen that the effect
of the bracing cable is to transfer 5,740 pounds of
the 10,840 pounds at point A +to point &, thus
distributing the load more evenly around the ring,

Using the value of F just obtained, the moment, axial
force, and shear at various points on the ring may be
computed from the equations of tables I to IV for the
first five loading cases shown in figure 9 by the
methods outlined in exanmple 1l,

SUMMARY OF NOTATION

bending moment at any cross section of the ring, pound-
inches., Positive M causes compression on the inside
of the ring.

axial force (tangential) at any cross section of the
ring, pounds, Positive P causes tension in the ring.

saear force at any cross section of the ring, pounds,
Positive 8 1is ss shown in figure 4.

load applied to ring, pounds,
radius to centrold of croses section of the ring, inches,

modulus of elasticlty of material of ring, pounds per
square inch.

moment of inertia of ocross section of the ring, in.*.
angles specifying location of loads on ring, measured

from radiues at lowsst point on the ring as shown in
sketches, radians,
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angle measured from radius at lowest point on ring %o
any point on circumfersnce of ring as shown in figure

4, radians

sin O
cos B

gin @ abbreviations to simplify

sin x
cos X

cos ®‘1 writing of formulas

change in length of horizontal diameter, inches.

chenge in length of vertical dilameter, inches,

stress, compressive or temsile, 1b,/sq.in.

shemring stress, 1b./sq.in.

distance from neutral

section,

inches.

axis to outer fibers of cross

static moment of half the area of tlhe cross section

about the meutrel axis,

Milier, Roy A.:

Airway Age,

Timoshenko,
Company.

Shipman, W.

pangion,

Wahl, A. M.
Bends,

S.

in2.
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Table I. MNoments mnd Forces. Cases I to IV
Left Half of Ring
Cage| Range of x — 0 to € 0toB8, ¢tonm 8 %o ¥ € to o
Yo,
° P/ s/¥% M/WR P/ s/u ¥R
+ 0 : sb+c
_est |, 5% ™ _ws? | w? | T
T " _af+r g n .m _xd+e
X , % |_m? v . un? zn? n
] n + '(,2__“2} -« o +%(sz_nz)
+n—% + 2 L]
60 + ¢ +sB+c
»oe2 | _xe? v e ue? | _ 202 "
i n 1 n w 1
I 7~ F ‘g + w0 -7
we? we?
w b -
to x=n/? x=n/2. to xx=n
1 1
*YTVW . Sketch below
I 24z [-Eew +8 -& shows mesning
~8_ g — . v of x and R
n n
v Vi x50 Y0 x=¢§ ¢ %o x=u
1 : 1
+ *+n-~-z =
¥ +mn3 _;:E v +nn.2. _.m"_'
_ni+e A + e n v
v n T T
mz + g +uw ‘m_z-
B “Tw
Notation: s = 9in8  n = gind 2= ginx. For slgns of M, P, and §
€ & ¢0128 e = cosd ®=coy X see Big. 4.
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. Table II.

,Moments and Forces.

Right Half of Ring

Cases I to IV

Casel Range of x —>| o5 -9 to 2n |2n-6/2n, n/2v-% n to 2u-¥
No. H/WR PN | s MR
asre . L stee
" ws? 259 w
_ni + e ——— + - - _né + e
I o 2" 2 2 mf P
+ &% — n*) L R v+ 4(g2 - p?) + (52 — nd)
A —~s ' ¥ n +2 -
+850t +aae+e S0+ ¢
n 2 2 * 7
IX *-é- —$ n ] +yts -
_ we? - o?
] “Ta
2= 3n/2 x = 2
*ﬁ*% *% Sketch below
I1I : shows meaning
% -t |-£-0 of x and R
@
~24+2
X = 2@ % =20 -
Lepn +
+ n z
" Jun? ) _m?
b4 4 __ni + @ n _
Y -a
_wn? -
n -
Notation: s = &in@ n = sind For signs of M, P, and S,
c = cosh e » gosd g0 Figs 4.
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Toble ITT. Moments and Yorces. Oases V o VIII

Case Q P/' EE W_:L__;ap S/'
No.| Ragge of X —> 2=20 4o x=w 2=n ts x=2n
v -r',i';'—l + 3 + @ +'$r+z -3 -0
Range of x —> x==0 to z2=40 . 2286 to x= 20
+-9.Q..‘;.;.9. .
+2(0 — 5c) b A(ec - 8)] + S2=E .
(]
w A * e 0) " " + 840 ~ o) ¢+ $(oc - 0)
ale - t oo - + 3 +-=-(ne—0)
_ 28 - g
" Zeg a8 ' .1 228
+ - + — %33
VII A _9 41 n n e " n
¥R M w w
x=0 to x=6 xc@ te =x=2u
¢ 30208 _ue * 55 + 30 08 st
n n T S
Mkl - § _I!;I"_ﬁ
-8 .1 v i X-0_1 -1
*12?‘_ t2 2n w2 P
Notationt s = gin® 2 =sinx For signe of M, Py and S5,
£ = cosd o =cosx sed Fige 4.
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Table IV, Mopenta and Forees, Cases IX to XI
Cage Range of x —» 0 o @ 0to 6, 2u-F toln x=9 to x= 2x-§ n-5 to 2nm
No.|  sketch wim | s 4/mR e | sa 4/
2
s-n _sB+ec + g o - St + 0 + 2 |-5+tn
Y - Ty d s it i S = ™ ||--pe_sere
O i 2 | 3 | s
- 2n - e
e T W n g |* @ 2
v | e -
a2 n?) gty | | T Lo
Zn 3c wse 2n é&
|- -
o /-K + 2 + 0) +2 (sc + 0) -8 + 52(sc + 6)
CIR S 2n _ 16 _ w8 2n 2n wd Tt
+—;;(na+l) e _ane +-2‘l'-(ne+!) —%9- _ +§:{ne+!)
v v n 2n . g%g
+1"'(E+II) ] _ w3 '."2%(5"‘11) i ol #—a'(g-q-n)
2n 20 o 2n oy 20
tm =2 ~2
-3 + &8 troATe g X | zme L P YN
L.J w 1sc | A& v n — %sc w
X 7"\ w n n
ole + =(sc + 8) ) _x8 +—:-'-(90+6) —-%ﬂ. w0 . +-:~(ao+e)
= —4 T mn
Range of x —> x=0 to x=8 18 to x=2m
5__80+¢ ) g_gb+a 8
o 2TUE, | R PTE] TR UE | w? T
1 _ust | Les® |z L L we? | e
xx /+ n o v 20 ﬁ_ 280 “2
I8 _ _z - xs BT iy
& i ; | ‘o - &
-z — @ z - -
L * if(’n + 6) 2n +'§;{’° + ) Zn 2n
Notationt s = aind n= ging z = sin x For signs of M, P, and §,
¢ = cosB e = gosh Q= cosx ses -Fig. 4.
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Table V.

Deflections.

Cases I to VII.

Table 5

.+ = extension,

—a gontraction.

Case Horizﬂltal Diameter Vertical Diameter
No. Sketeh %de %S'dy
£
+s_2%13+1_2n _ss_;__a\gm%f. L 3
I ~£(g6 + c) ~2sg+c)+s
* %(n§_+ e) + ;(ni +e)~n 15
oo
s2 + 1 _5c+ 08 vE
+ 2 2 2 - a
1T —£(58 + ¢) v :
- %(s0 + ¢) :s;,, ';_'9
s 33.5‘
53~
11 -2= _ o, X_ . U=
I 3-2= - 0,37 T-2 240049 RES
. 'i'
v NPy . *
w | - ' * 2(n¥ + o) + $(nd + o)
2]
—%—Zn —%—n
v ‘ 1-§=—o.274 %--:—-+o.‘zee_
+%(s - ¢8) * 'E(S -~ c6)
3
Vi N 2 =S
— 8
AR v 8= : +e-1+F v £
W w » qgﬂ,;
"G *
38
=3
vII X 28 20 =
N\ -5 L e -1 >
0 - 2 ts
WR X wR % ¥
s= sin@, c¢= cos €3 nesin®, e =cos $.
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Table VI.

Moments, Axial Foree, and Shear
at Various Points in Bulkhead Ring No. 3 for the
Loading Shown in Figs. 6§ and 7.

Point Louding Caes (sketch at right)
on
ring (a) (v) (s) Total
Monment
A 0 + 7,9%0 [+ 1,750 [+ 9,700
B | =26,800 |~ 2,370 |- 290 |-29,460
B' | +26,800 |- 2,370 |» 290 |+24,140
¢ | ~12,800 |{=12,700 |- 2,320 |-27,820
c*' | +12,800 |~12,700 |~ 2,320 |- 2,220
D +10.200 -12,300 '2'940 - 5'040
p* |~-10,200 {-12,300 |- 2,940 |-25,440
£ | +55,400 {+10,700 |- 1,360 |+64,740
r' | -55,400 |+10,700 |~ 1,360 |-46,060
r |+37,800 |+ 7,150 |+ 1,010 {+45,960
r | -37,800 [+ 7,150 [+ 1,010 |-29,640
e 0 + 4,850 |+ 6,390 |+11,280
Axisl Force
A ) - 718 |- 142 |- 880
B |+ 2,770 |- 350 |« 71 |+ 2,340
B* |-2,770 |- 389 |- T |- 3,200
c { + 3,200 0 0 + 3,200
+ 8,200 |+ 4,290 |+ 450 |+ 8,040
c'{ - 3,200 |+ 4,390 |+ 450 |+ 1,640
- 3,200 0 0 - 3,200
D |+ 3,010 |+ 4,380 |+ 470 [+ 7,860
D' | - 3,010 [+ 4,380 |+ 470 |+ 1,840
+ 2,235 |+ 3,580 |+ 415 |+ 6,230
E { - 3,280 |+ 815 |+ 415 |- 2,350
x'{ + 3,280 |+ 515 |+ 415 |+ 4,210
- 2,235 |+ 3,580 [+ 415 |+ 1,780
F |-2,1% |+ 640 |+ 330 |- 1,180
r* |+ 2,1%0 {+ 640 [+ 330 |+ 3,120
G ) + 718 [+ 42 |+ 880
Shear
A | + 1,45 0 0 + 1,450
B |- 155+ 632]+ 123 ]+ 890
B* |- 155|- g22}l- 123}~ 900
¢ | =-1,780|+ Ti8|+ 142]- 900
et | -1,760|~- 7T18|- 142}- 2,620
D- | -2,840|- 812}- 18]~ 3,670
p* | - 2,840 |+ 812|+ 18}~ 2,010
- 4,050 | - 2,650 |- 2230 |- 6,920
‘{ +1,630|+ s00|- 220]+ 1,910
gf| + 1,630~ SO0 |+ 220 |+ 1,350
{ - 4,050 | + 2,650 |+ 220 | = 1,180
T |+ 2,445+ 328~ 333 |+ 2,440
F' | + 2,445~ 328 [+ 333 |+ 2,450
+ 2,965 ) - 445 |+ 2,520
0[ + 2,965 0 + 445 |+ 3,410

Table 6
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Table 7

TABLE VII. CALCULATION OF STRESSES IN BULKHEAﬁ RING
¥No, 3 at points B and F
No., Item Symbol | Point B | Point ¥
1 | Bending moment, lb.-in, )i} ~-29,460 | +45,960
2 | Axial force, 1b. P + 2,340 | --1,180
3 | Shear, 1lb,. S + 590 | + 2,440
Properties of sections (FTq.1§ e
4 | Depth of sectiomn, in. 4,04 4,04
5 Area:, Sq.in- A- 1.20 lIBO
6 | Moment of inertia. in.* I 3.49 3,49
7 | Total static moment, in,® Qa . 982 . 982
8 | Static moment of flange, in,8| Q; 852 «852
9| Dist, to extr. outer fider,
in. v, 2,03 2,03
10| Disgt., to extr., inner fiber, )
in, s 2.01 2.01
11 | Web thickness, in. b 064 « 064
12 | Flange rivet spacing, in. P .813 +813
Stresses
13 | Strsss in 1b./sqein. | f = «Myo/I + F/4|+18,950|-27,464
Inner fliange #
14 | Strass in 1bo/sqein. | £ = +My, /I + P/&|~15,200{+25,736
Outer flangse
15| Skeering, lb./sqgein.| £g5 = 5Q/bI 2,600| 10,720
Str2ss iun web
16 | Shear icad on Pr = 8Qp/I 117 484
Flange rivets, 1lb.
Note: Tensile stress ig +

Compressive stress is -~
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"Fleetster" airp

lane. Main bulkhead rings
are at peints where wing and landing gear
join the fuselage, and are indicated by
arrows.
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15280 1lb.

</, B
_ v .
15100 10, NAB. 8 {57 IBI00 1b.
. - 5 ?ﬁ
| \‘ N //—‘/ . =
18110 1b.. ~— —1———"" 18110 1b.

Figure 2.- Bulkhead ring Wo.2 of "Fleetster" airplane -
with symmetrical loading. R

Wo = 2830 1b. Wg = 2830 1b, R

— .
i E - —!K Ny E! N -
yd \ - -
R / ////
/ - / ~ /__ v o [ G-"
. ]’ - ——— - ——
§ ¥ §
. / _\\//6,}\/4 / }\ /'\ /
Cohs R mf Tk
1= - ! Pl ik e
15100 1b, 15100 1b. ! — 15280 o I;T 5280
Wg = 2830 1b., Wg = 283C Wz = 15220 I,
(a) .Cass VI . (b) Case I 1b. (c) Case II
with ¥ = 15100 1b. with W = -2830 1t. with ¥ = -15280 1b.

Pigure 3.~ Loéding shown in figure 2 resolved into simplifled loading e
conditions, '
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Figure 4.~ Sketch showing directlions of moment,
shear, axial force, and angular
location assumed as positive in this report.
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Agg0 1v.

12304 1b.

1529541 [y
0501

Figore 5.~ Bulithead ring No. 3 of "Fleetster"
alrplane with unsymmetrical loading.

Wy = Wy = Wo = Wy =
7912 1b. 7912 1b. 4392 1b. 4792 1b,

~al -
1
qr/r//{ 4392 1b.

445 1Db, ! 445 1b.
(a) Case X (v) Case I (c) Case I
with W = 7912 1b. with W = 4342 1o, and = with W = 445 1b.,
8 =m/2 © =T1/2, and & =

Figure 6.~ Loading shown in figure 5 resolved into simplified loading
conditions,

[AF]

Al



N.A.C.A. Technical Note No.462 Fig. 7

I4—~ 3" J
1 ...040" ekin
— v
- ==
zn o
1 U, 2 .
1" x1 xS‘2
angles
£ 1,99
4“‘
— - - 4
Neutral axis . A =1.,20 in.?
0064:“ web In& = 3,49 in.4
J‘l 2.011 Q = 0.982 in.3
A= . ) \
gt =n au
g X7 * 33

Figure 7.~ Section of bullkhead ring No. 3
of "Pleetster" alrplane.
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Figs. 8,9
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Figure 8.- Reinforced bulkhead ring with loads.
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6 =T1/2, ¥ = 2670 1b.
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(z) Case V
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Figure 9.- Loading shown in figure 8 regplved into simplified

loading conditions,



